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X-43A (Hvper-X) Project Overview 


Project Start 
1995 

0 


Fit 1 

6/2001 

— 0 — 


Flt 2 
3/2004 

-o- 


Flt 3 Proj. End 
11/2004 12/2004, 


Hyper-X Research 
Vehicle (HXRV) 


Research Vehicle 
Adapter 




First ever flight demonstration of an airframe-integrated 
scramjet powered hypersonic vehicle 

Primary objective was to validate the tools, test 
and analysis techniques, & design methods of 
scramjet powered, hypersonic vehicles 

Three flight project 

- Two flights at Mach 7 

- One flight at Mach 10 




Hyper-X Launch 
Vehicle (HXLV) 


Hyper-X Research Vehicle (HXRV): ATK-GASL 

- Hydrogen fueled scramjet engine 

- Scaled version of a Mach 10 "cruise" 
configuration 

Hyper-X Launch Vehicle (HXLV) - OSC 

- Air launched from NASA’ s B-52 

- Boosts HXRV to test condition 

- Modified 1st Stage Pegasus booster 
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Hyper-X Program Model 



• Research and Technology Objectives 

• Analytical and experimental performance 
verification (CFD, Wind Tunnel) 

• Flight Validation of Design Predictions 

• Improve Scramjet Design Tools 


• Flight Research and Operations 

• Vehicle Build, Integration and Validation 

• Ground, Flight and Range Safety 

• Flight Performance Assessment 

• Responsiveness to Technology Objectives 
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Program Management 


Technology Development 


Flight Research 

and Validation 


and Test 
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The Hyper-X Partnership 

Drawing on Expertise from 
Coast-to-Coast 


ATK - GASL 
Ronkonkoma, NY 



Research/Flight Operations 


Airworthiness, Flight Safety, Range Safety 


Air Force Flight Test 
Center, Vandenberg AFB 
Naval Air Warfare Center, 
Pt. Mugu 

Pacific Sea Range 


Engine & Fuel Systems 


NASA Langley Research 
Center 
Hampton, VA 



Systems/Software Design 
and Integration 


Research and Launch 
Vehicle Interface 
Stage Separation Testing 


Launch Vehicle Development 


Systems Installation 
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Highly Integrated Effort Required 



Structures Launch Vehicle 
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PRESSURE(PSI) 
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Aerodynamics 


DFRC Role 


Partner Role 






Vehicle CFD 


Alpha Ports (2-5) 


Upper Surface 



FADS 


* DFRC Role: 
X-43 A Descent 



Time 


Atmospheric Definition & 
Trajectory Reconstruction 


/W 




HJ 


Time 
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Guidance, Nav, & Flight Controls 
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Flight Control Research 


Software Testing 


AIL Testing 


f s 


HIL Testing 10’ s 


Monte Carlo / 
Simulation Studies 


1000’ s 


DFRC Role 


Partner Role [ 
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Additional Activities 

* F2 & F3 SW Updates 

* F3 Controller Design 

► Performance & 

Stability Analysis 
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Stage Separation 



Separation Aerodynamic 
Database Development 

^ Full Scale Separation Test 


CFD Separation Analyses 




Separation System 


Separation Simulation & 
| / Analysis 



I 1.5 
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FL400\ 


P-3 Tetemety 


HXLV Hazard 


(RV Impact NOTMAR A 
Bounded by 
17' 60" N 126° 27' 3 
I7'60"N 130° 31' 3 


UHF347.1 Ml-fe 
UHF395.1MHZ 
VHF 135.825 MHz 
B-52 Video 22505 MHz 
B-52TM 1480.5 MHz 
B-52 C-Band 5535 GHz 
F-18 Video 1727 Ml-fc 
HXRVTM 2279.5 MHz 
l-K RV OBand 5765 GHz 


RSO Net 


SA£E7fCHASE "NASA 846" 
"PHOTO CHASE "NASA 852" 
IN 1000' OF LAUNCH B-52 


Dry den 


Western 


Longitude (° E) 


Range Safety 


e Communications & 


Data Acquisition 


Instrumentation & Range 


SEA RANGE 


Sea Range (Post-Launch) 


EDWARDS 
WESTERN RANGE 


Transition (Pre -Launch) 

B-52/X-43 SB* (njfit vwng) y. 


.-LBZti# 

F-18 Ftioto Chase 


175 

113 

14 

9 

792 

1103 


Pressures 


Temperatures 
Strain Gages 
Misc Analog 
1553 Bus 
TOTAL 


DFRC Role 


Partner Role 


RF System Validation 


Antenna Pattern Testing 
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T-TT 


X-43A Simulation 


DFRC Role 



Partner Role 


Additional Sim Activities 

• Analytical End-to-End 
Mission Simulation 

- LVsim iz^SepSim RVsim 


Time Since B-52 Drop 
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Test and Integration Activities 


Qualification 


Verification h 


Validation 


Validation 


Validation 


Validation 


Integration 


Captive Stack 
Integration 


Integrated Test 
Activity & Flight 


HX Adapter 


B-52 Systems 


HXLV 


Component 

Vendors 


Sub- 

Contractors 


NASA/ 

Orbital 


HP MB 


I Short Stack 


Integration 


EmIIB 

l_ 

Full Stack F33&SI 


Qualification 


Qualification] * 

j Qualification 


mnmm 

aafli 

Verification 

■ JP 

Verification 1 J | Verification 






Flight Operations 


DFRC Role 
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X-43A Mission Details 



100 



Power-On Test 


-95,000 ft 


110,000 ft [ 

Push-Uve 
-0.3 g's 

r / 

-0.5g’s 


Altitude 

(kft) 


B-52B 
Carriage 

Mach 0.80 
40,000 ft 
q=189 psf 

Drop Weight: 
-37,500 lbs 


Pull-Up 
1.7 g's 


2.5g’s 


11 

sec 5 sec 


1 


MACH 9 .6 

Mach 7 
6,913 fps 
1,000 psf , 


Power-Off Tare (5 sec) (3-7 sec) 




PID (10 sec) NONE 
Cowl Closes 




Fuel Off 
Fuel On 

Power-Off Tare (5 sec) 
Cowl Open 


Stage Separation 

I l 


Booster Burn-Out 


(3 sec) 



I 



Parameter ID Maneuvers 
to Desired Impact Area 


Terminal Glide 


-95 sec -105 sec -115 sec 
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Mission 
Complete 

-700 sec | 

**~400 nrn |850 nm| 
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Flight 2 - March 27, 2004 







CERTIFICATE 


The fastest air-breathing aircraft 
is NASA's X-43A, 
which achieved Mach 6.8316 
or 27 March 2004 
in a flight lasting 1 1 seconds 
over the Pacific Ocean 

oumnisTmo«io UCOROSIVD 
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Flight 3 - November 16, 2004 
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Concluding Remarks 

were we successful? 


- Rigorous processes for design, 
development, testing, and 
validation 


- Strong technical expertise and 
team work between NASA, ATK 
GASL, Boeing & Orbital Sciences 


- A dedicated project team that 
worked for eight years to make 
these revolutionary flights a reality 
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Questions ??? 


Backup Charts 
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Goals/Objectives of Hyper-X Program 


GOALS: Demonstrate, validate and advance the technology, experimental 
techniques, and computational methods and tools for design and performance 
predictions of a hypersonic aircraft powered with an airframe-integrated, scramjet 
engine. 


FLIGHT OBJECTIVES: 

- Three flights: two @ Mach 7 and one Mach 10 

- Methods verification 

- Scaling confirmation 
Primary Metric: Accelerate 

TECHNOLOGY 
OBJECTIVES: 

- Vehicle design & risk 
reduction 

- Flight validation of 
design methods 

- Design method 
enhancement 

- Hyper-X Phase 2 and 
beyond 




Comparison of 
Ground 
& 

Flight Data 

Wind Tunnel-to- 
Wind Tunnel 
Comparison 






~ SRGUL. 
* Data 







ft 
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X-43A External Configuration 
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Tungsten Nose 


H 2 Tanks 


Flight Management 
Unit (FMU) 


Flush Air Data 
Sensors (FADS) 


Battery 
Compartment 


X-43A Internal Layout 

Horizontal Tail Actuator 


Fuel: Hydrogen 
Igniter: Silane 

Thermal Barrier: Shuttle Tiles 
Engine Coolant: Water 
Nitrogen Purge 
Electric Actuators 


Rudder Actuator 


Silane Tank 


Adapter Controller 
H 2 0 Tank 

N 2 Tank 


Carbon-Carbon Edge 


Length: 12 ft 
Width: 5 ft 
Height:: 2 ft 
Weight: 3000 1b 
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\/ Standalone HXLV Tests 
\/HXLV/HXRV Integration 


.Ground Vibration, Mode Interaction, Initial Mass Properties Testing 
Final Weight/Balance and Mass Properties Test 


^VMS Hardware-In-Loop and Aircraft-In-Loop Tests 
*/rF Systems Tests 

^Fuel Systems - High Pressure Bench Test 
v Environmental Systems Test Installed 

'/Leak and Functional Test Full 

^/Mission Simulation With Inert Gas Test 
yFull Mission Simulation With Real Gas Test 


y/ HXRV- Adapter Systems Validation 
\/ HXRV/ Adapter Integration Tests 


Hardware and 


Software Testing 
...Preparing for Flight 
at DFRC 


v Stack Hook Release 
v/b -52 Systems Test 
t/B -52/Stack Integration 
y / Combined System Test 
Captive Carry 



Hyper-X Components 


3-323 


r\y*&t A Launch YaJusU* 

^ay£K>lK> 


Launch Stack = HXLV + Adapter + HXRV 

Hyper-X is a complex system with multiple interfaces. 
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Operations on Day of Flight 



Day of Flight Ground Operations 

- Control Room Staffing 

- System power up and checkout 

- B-52 engine start / power transfer 

- Final X-43A closeout 


U.S.AIR FoftfcE 'I n am. 


\ 


B-52 Take-off 




Flight Operations 

- In flight systems / range checks 

• HXRV Built In Tests 

• FTS auto gain control 

• HXLV Fin Actuation System 

- Launch and Free Flight 
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Flight 3 Right Adapter Camera Image 


Time between images is 33.3 milliseconds - 1/30th of real-time, 
Right Adapter Camera Position 
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